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POWER DELIVERY ARCHITECTURE TO FIG . 4 is a block diagram of another embodiment of a 
INCREASE PERFORMANCE OF system architecture having a computing system and a dock 

COMPUTING SYSTEMS WHEN DOCKED ing station . 
FIG . 5A is an example processing flow that explains the 

FIELD OF THE INVENTION 5 concept with some example numbers for a design . 
FIG . 5B illustrates an example of estimated performance 

Embodiments of the present invention relate to the field of improvement using the techniques described herein . 
power delivery for computing devices ( e . g . , mobile phones , FIG . 6 is a flow diagram of one embodiment a process for 
computer systems , etc . ) ; more particularly , embodiments of controlling power delivery in a computing device . 
the present invention relate to power delivery to a computing ng 10 FIG . 7 is one embodiment of a computing system . 
system in part from a docking station when the computing DETAILED DESCRIPTION OF THE PRESENT system is docked , which may allow the computing system to INVENTION increase performance by using the additional power that it 
receives . 15 In the following description , numerous details are set 

forth to provide a more thorough explanation of the present BACKGROUND OF THE INVENTION invention . It will be apparent , however , to one skilled in the 
art , that the present invention may be practiced without these Portable computing systems , such as laptops and mobile specific details . In other instances , well - known structures 

phones , run a variety of applications . The different applica - 20 and devices are shown in block diagram form , rather than in 
tions utilized different amounts of computing resources to detail , in order to avoid obscuring the present invention . 
perform various operations . Because some applications FIG . 1 is a block diagram of a phone system with a 
require more resources , running those applications often docking station . The phone system may be docked or 
requires more power consumption . However , as designers of undocked with the docking station . Referring to FIG . 1 , 
portable computing systems have tried to develop lighter or 25 phone system 100 comprise a system - on - a - chip ( SoC ) 101 
more streamlined versions of such devices with reduced that is powered by two power phases , referred to herein 
power consumption , some devices are not capable of execut phase 1 and phase 2 . Both phases 1 and 2 are each 12 A and 
ing some applications that require more power or cannot run are provided by power stages 103 and 104 , respectively . A 
such applications on certain devices or run them fully as voltage regulator ( VR ) controller , or power management 
running these applications increases power consumption and 30 integrated circuit ( PMIC ) , 102 is coupled to power stages 
depletes power resources ( e . g . , batteries ) too quickly for a 103 and 104 via control and sense signals 111 and 112 , 
user . Thus , it would be desirable to be able to provide respectively . Using signals 111 and 112 , VR controller 102 
additional power resources at times to allow such devices to senses the power being provided by power stages 103 and 

104 and controls power stages 103 and 104 . The control of execute such applications . 
Docking stations are well known in the art to provide an on 35 power stages 103 and 104 by VR controller 102 may be in 

response to signals from SoC 101 received on a Serial easy way for a computing device such as a laptop computer Voltage Identification ( SVID ) bus 110 . For example , SoC to connect to peripheral devices . By simply plugging the 101 may specify a power state into which SoC 101 is to computing device into the docking station , the computing transition . In such as case , VR controller 102 receives this 
device is able to access the peripheral devices . 40 information over SVID bus 110 and uses signals 111 and 112 

The use of docking stations is not limited to connecting to to power down one or both of phase 1 and phase 2 , 
peripheral devices . Docking stations have been used to respectively , depending on the power state specified by SoC 
increase performance of a computing device because the 101 . 
docking station provides some functionality to facilitate the FIG . 2 is a block diagram of one embodiment of a system 
higher performance . For example , some docking stations for 45 architecture having a computing system and a docking 
laptops provide thermal functionality such that when a station . In one embodiment , the computing system is a 
computing system is plugged into the docking station , the portable device . The computing system may be phone , a 
docking station blows air on the laptop to provide additional laptop or other computer system , tablet , personal digital 
cooling for higher performance when the laptop is used on assistant ( PDA ) , etc . The computing system is removably 
a desk . Additional graphics or storage has been including in 50 coupled to the docking station so that it can be coupled or 
docking stations to enhance functionality as well . uncoupled by a user . In one embodiment , the computing 

system has a number of components ( e . g . , integrated circuits 
BRIEF DESCRIPTION OF THE DRAWINGS ( ICs ) ) , including a power delivery subsystem to deliver 

power to components under direction of a controller . The 
The present invention will be understood more fully from 55 controller is communicably coupled to the docking station 

the detailed description given below and from the accom such that when the computing system is docked in or on the 
panying drawings of various embodiments of the invention , docking station , the controller is able to cause power from 
which , however , should not be taken to limit the invention the docking station to be delivered to at least one of the 
to the specific embodiments , but are for explanation and components along with power separately provided from the 
understanding only . 60 power delivery system . 

FIG . 1 is a block diagram of a phone system with a Referring to FIG . 2 , computing system 200 ( e . g . , a phone 
docking station . system , laptop computer , etc . ) comprise an integrated circuit 

FIG . 2 is a block diagram of one embodiment of a system ( IC ) component 201 ( e . g . , a system - on - a - chip ( SoC ) , pro 
architecture having a computing system and a docking cessor , controller , etc . ) that is powered by one or two phases . 
station . 65 Phase 1 is provided by power state 203 , which is part of 

FIG . 3 is a more detailed block diagram of an embodiment computing system 200 . Phase 2 is provided by power stage 
of a VR - based power delivery system . 204 which is part of docking station 250 . However , because 

to 
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phase 2 is provided by docking station 250 , computing an input ( e . g . , pin , contact , etc . ) to receive an indication 
system 200 only receives phase 2 from power stage 204 ( e . g . , a signal ) as to whether computing system 200 is 
when computing system 200 is docked , or otherwise docked in docking station 250 and configures the load line 
coupled to , docking station 250 . Note that other components and controls VR controller 202 based on the indication . 
in computing system 200 may be powered by one or both 5 In one embodiment , IC 201 also has a current limit that is 
phases 1 and 2 . removed in response to computing system 200 being docked 

In one embodiment , both phases 1 and 2 are each 12 A , in docking station 250 . In this case , there is no limit or 
thereby having a 50 / 50 split between the power provided by default . That is , if there is no limit , the maximum current 
the two sources to IC 201 . However , in other embodiments , specification for IC 201 is the limit . In one embodiment , this 
the two phases do not have to provide the same amount of 10 is controlled based knowledge of the power capability of the 
power and other splits are possible . That is , other percent system to supply power to IC 201 . This can ca be performed 
ages could be used . For example , one phase may provide statically by setting the BIOS . In another embodiment , 
70 % of the power while the other phase provides 30 % of the dynamic battery power sensing technology knows what the 
power to IC 201 . To provide a total of 24 A , other examples power to IC 201 is and dynamically changes the Iccmax 
include having one phase providing 9 A , while the other 15 current limitation based on the input power source capabil 
phase provides 15 A or one phase providing 3 A , while the ity . 
other phase provides 21 A . Note that the teachings disclosed FIG . 3 is a more detailed block diagram of an embodiment 
herein are not limited to providing 24 A . This is merely an of a VR - based power delivery system . Referring to FIG . 3 , 
example . The split between phases may be based on the as in FIG . 2 , VR controller 202 generates power and 
computing system size ( e . g . , the phone system size ) and the 20 provides the power to power stages 203 and 204 , which 
available real estate of the computing system . represent phases 1 and 2 , respectively . Each of power stages 

Furthermore , the teachings disclosed herein are not lim 203 and 204 includes a gate driver and power gate switches 
ited to having only two phases . There may be three or more ( e . g . , field effect transistors ( FETs ) ) . For example , power 
phases . In such a case , in one embodiment , the computing stage 203 includes gate driver 301 coupled to FETs 302 and 
system may have multiple power stages providing multiple 25 303 , while power stage 204 includes gate driver 304 coupled 
phases , with only one phase provided by the docking station , to FETs 305 and 306 . FETs 302 and 305 are connected to the 
or in another embodiment , the docking station may have system power , while FETs 303 and 306 regulate the output 
multiple power stages providing multiple phases , with only voltage . Each of the power stages 203 and 204 outputs 
one phase ( or more than one phase ) provided by the com - power to inductors 311 and 312 , respectively . Each of the 
puting system . 30 inductors 311 and 312 are coupled to bulk and ceramic 

Computing system 200 includes a voltage regulator ( VR ) capacitors 313 and 314 , respectively , which outputs a volt 
controller 202 . In one embodiment , VR controller 202 is part a ge Vout . The output voltage Vout is provided to power one 
of a power management integrated circuit ( PMIC ) . VR or more ICs and devices , such as IC 201 ( e . g . , CPU , 
controller 202 is coupled to power stage 203 via control and processor , SoC , etc . ) . Also , both power stages includes a 
sense signals 211 . When computing system 200 is docked 35 sensing resistor ( 321 , 322 ) to enable VR controller 202 to 
with docking station 250 , VR controller 202 is also coupled sense the power each power stage is providing . 
( e . g . , communicably coupled ) to power stage 204 via control FIG . 4 is a block diagram of another embodiment of a 
and sense signals 212 . system architecture having a computing system and a dock 

In one embodiment , docking station 250 is coupled to ing station . The system architecture in FIG . 3 is similar to 
provide power to IC 201 and signaling with controller 202 40 that of FIG . 2 except the computing system 300 also is able 
through a connector 230 . In one embodiment , connector 230 to provide phase 2 power to IC 301 in the same way as phase 
comprises a flexible printed circuit ( FPC ) cable . In another 2 power is provided in FIG . 1 . 
embodiment , connector 230 includes contacts that mate with There are two basic limitations to the power delivery . 
contacts of computing system 200 when computing system First , there is real estate limitation that limits the amount of 
200 is docked with docking station 250 . Note that other 45 power delivery that can be placed in the system . Second , 
cables / connections having low impedance and a minimum besides real estate , the proximity of the power delivery 
voltage drop may be used as well . subsystem to the IC ( e . g . , processor , SoC , etc . ) . These two 
Using signals 211 and 212 , VR controller 202 senses the traditional power deliver limitations , the amount of power 

power being provided by power stages 203 and 204 and that can be drawn from the FETs , which is limited as the 
controls power stages 203 and 204 . The control of power 50 current maximum of an IC , referred to herein as ICCmax , 
stages 203 and 204 by VR controller 202 may be in response and the speed at which power can be drawn by the IC , which 
to signals from IC201 received on SVID bus 210 . For is limited by the AC load line of the IC , are overcome by the 
example , IC 201 may specify a power state into which IC techniques described herein . 
201 is to transition . In such as case , VR controller 202 More specifically , in one embodiment , IC 201 has a 
receives this information over SVID bus 210 and uses 55 programmable load line which allows for relaxing the 
signals 211 and 212 to control the power delivery by power requirement on the proximity when in docked mode without 
stage 203 itself when undocked and by power stages 203 and affecting the operation of the device in un - docked mode . By 
204 when docked in docking station 250 . The control may having a programmable load line , the power delivery may be 
including powering down one or both of phase 1 and phase split between the device and the docking station , thereby 
2 depending on the power state specified by IC 201 . 60 significantly improving the performance in docked mode 

In one embodiment , IC 201 comprises a configurable load without degrading the performance in the device mode . 
line that is changed in response to computing system 200 Thus , there are two different power delivery implementa 
being docked with or undocked from docking station 250 . In tions with different requirements , which are made possible 
one embodiment , the control provided by VR controller 202 by the configurable AC load lines of the IC . 
with respect to the power provided by power stage 203 and 65 FIG . 5A is an example processing flow that explains the 
power stage 204 ( if docked ) is based on the dynamically concept with some example numbers for a design . Referring 
changeable load line . In one embodiment , IC 201 includes to FIG . 5A , the IC ( e . g . , IC 201 ) performs a test to determine 
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if the computing system is docked in the docking station , the docket mode , both phones include an IC ( e . g . , SoC , 
referred to herein as being docked , or is undocked from the processor , etc . ) that receives 24 A . 
docking station , referred to herein as device mode . In one With respect to increased performance ; when the com 
embodiment , the results of the test are based on information puting system is docked , in one embodiment , an indicator 
from a logical pin of the IC to inquire as to whether the 5 informs the system and the IC ( e . g . , IC 201 of FIG . 2 , 
computing system is in docked or device mode . The infor processor , SoC , etc . ) that there is more ( or adequate ) power 
mation indicates to the IC whether the other power phase is to run an application which requires high performance ( or 
available , which controls the IC so that it never draws more power ) . However , in device mode , the system and IC knows 
power than is available to it . there ' s less power that will limit the maximum frequency at 

In one embodiment , the IC has the capability to program m 10 which the IC can run , which limits performance . In one 
the load line and Iccmax dynamically . In one embodiment , embodiment , whether or not to allow system to run certain 

applications in device or docked mode is controlled by these are programmed independently . In one embodiment , software or an operating system to limit the usage or apply the load line is programed statically ( e . g . , programming a power based on priority . In one embodiment , using this type Basic Input Output System ( BIOS ) setting ) . In one embodi 15 of control , photoshop type and other similar applications can 
ment , if the device is in docked mode , the Iccmax limit is only run when computing device is docked . In one embodi removed or at least set sufficiently high that it no longer ment , when in device mode , only the less power and / or limits performance . In one embodiment , the frequency of the performance hungry applications can be used such as , for 
processor is only limited by the load line . For example , in example , Facebook , text , web surfing , emails , or video 
one IC for an ideal zero load line , the processor frequency 20 playback , where less performance is needed as opposed to , 
limit is 3 Ghz . However because part of the power delivery for example , gaming ( 2D or 2 . 5D ) 
is in the device , the load line is degraded from an ideal zero FIG . 6 is a flow diagram of one embodiment a process for 
to 8 mOhns . The load line degrades due to the impedance controlling power delivery in a computing device ( e . g . , 
( e . g . , resistance ) of the printed circuit board ( PCB ) formed computer system , mobile phone system , etc . ) . The process is 
and the components , which cause the drop . The noise is 160 25 performed by processing logic that may comprise hardware 
mV so there is a loss of nearly 360 Mhz for a nominal 1V ( circuitry , dedicated logic , etc . ) , software ( such as is run on 
IC . The net frequency is 2 . 54 Ghz . If the device is in a general purpose computer system or a dedicated machine ) , 
un - docked mode , in one embodiment , the current limit ( e . g . , firmware , or a combination of the three . 
Iccmax ) is reset to 5 A and the load line is improved from Referring to FIG . 6 , the process begins by processing 
8 mOhms to 5 mOhms . In this case , the device Iccmax limit 30 logic signaling that a computing system has been docked to 
is about 2 Ghz . The AC load line loss is only 100 mV 200 a docking station , where the computing system has a plu 
Mhz ( 10 % ) frequency loss . The net frequency is 1 . 8 Ghz . rality of components and a power delivery subsystem to 
Thus , the net gain from going from the device mode to the deliver power to integrated circuit ( IC ) components under 
docked mode is 700 Mhz . direction of a controller ( processing block 601 ) . 

To compensate for power delivery transients , which can 35 In response to docking , processing logic in the IC com 
occur in nanoseconds , the computing system needs to draw ponent ( e . g . , a processor , SoC , controller , etc . ) receives an 
additional current from the dock in a very few clocks . This indication as to whether the computing system is docked in 
requires a sufficient amount of charge , in the form of large the docking station ( processing block 602 ) . 
capacitors very close to the processor . In one embodiment , In response to receiving the indication , processing logic in 
to accommodate this , more FETs ( than available from the 40 the IC component removes its current limit ( processing 
computing system 200 ) are placed in the docking station block 603 ) and changes its load line ( processing block 604 ) . 
( e . g . , docking station 250 ) to provide higher steady state Processing logic in the IC also controls a power deliver 
currents while reducing the requirements on the transients controller ( e . g . , VR controller , PMIC , etc . ) based on the load 
when in docked mode . This can be done because the AC load line using a bus coupling the IC component and the con 
line in the IC ( e . g . , IC 201 ( e . g . , processor , SoC , etc . ) ) 45 troller ( processing block 605 ) . In one embodiment , the bus 
receiving the power can be programmed . comprises a Serial Voltage Identification ( SVID ) bus . 

In one embodiment , the load degradation is reduced when In response to the signaling , processing logic in the 
docked to reduce the impact on performance . If the degra - controller controls a power stage in the docking station to 
dation is so large , it wipes out the benefit of the additional deliver power from the docking station to the IC component 
Iccmax capability . By placing the FETS and other compo - 50 and a power stage in the power delivery subsystem in the 
nents in the docking station very close ( e . g . , less than 10 computing system to deliver power from the power delivery 
mm ) to the IC being powered , a low impedance path from system to the IC component ( processing block 606 ) . In one 
the docking station to the IC in the computing system being embodiment , this includes signaling the docking station 
powered by the power delivery subsystem is created . In one through a connector ( e . g . , a flexible printed circuit ( FPC ) 
embodiment , the low impedance path is created by using 55 cable , contacts , etc . ) that is coupled to provide power to the 
very short pin less connectors between the device and at least one IC component from the docking station . 
docking station . 

FIG . 5B illustrates an example of estimated performance An Example of a System Containing a Power 
improvement using the techniques described herein . Refer Delivery System 
ring to FIG . 5B , the performance of two different phone 60 
modes , referred to as phone model and phone mode2 . Phone FIG . 7 is one embodiment of a system level diagram 700 
model is one in which the phone includes a power delivery that may incorporate the techniques described above . For 
subsystem that provides a 12 A power phase with another 12 example , the techniques described above may be incorpo 
A power phase coming from the docking station , while rated into a processor in system 700 or other part of system 
phone mode2 is one in which the phone includes a power 65 700 . 
delivery subsystem that provides a 15 A power phase along Referring to FIG . 7 , system 700 includes , but is not 
with 9 A power phase coming from the docking station . In limited to , a desktop computer , a laptop computer , a net 
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710 . 

book , a tablet , a notebook computer , a personal digital other devices 772 , 776 , 774 , 760 , 762 , 764 , 766 , 777 , etc . In 
assistant ( PDA ) , a server , a workstation , a cellular telephone , one embodiment , chipset 720 is also coupled to a wireless 
a mobile computing device , a smart phone , an Internet antenna 778 to communicate with any device configured to 
appliance or any other type of computing device . In another transmit and / or receive wireless signals . 
embodiment , system 700 implements the methods disclosed 5 In one embodiment , chip set 720 connects to a display 
herein and may be a system on a chip ( SOC ) system . device 740 via an interface 726 . In one embodiment , display 

In one embodiment , processor 710 has one or more device 740 includes , but is not limited to , liquid crystal 
processor cores 712 to 712N , where 712N represents the Nth display ( LCD ) , plasma , cathode ray tube ( CRT ) display , or 
processor core inside the processor 710 where N is a positive any other form of visual display device . In addition , chipset 
integer . In one embodiment , system 700 includes multiple 10 720 connects to one or more buses 750 and 755 that 
processors including processors 710 and 705 , where proces - interconnect various modules 774 , 760 , 762 , 764 , and 766 . 
sor 705 has logic similar or identical to logic of processor In one embodiment , buses 750 and 755 may be intercon 
710 . In one embodiment , system 700 includes multiple nected together via a bus bridge 772 if there is a mismatch 
processors including processors 710 and 705 such that in bus speed or communication protocol . In one embodi 
processor 705 has logic that is completely independent from 15 ment , chipset 720 couples with , but is not limited to , a 
the logic of processor 710 . In such an embodiment , a non - volatile memory 760 , a mass storage device ( s ) 762 , a 
multi - package system 700 is a heterogeneous multi - package keyboard / mouse 764 , and a network interface 766 via inter 
system because the processors 705 and 710 have different face 724 , smart TV 776 , consumer electronics 777 , etc . 
logic units . In one embodiment , processing core 712 In one embodiment , mass storage device 762 includes , but 
includes , but is not limited to , pre - fetch logic to fetch 20 is not limited to , a solid state drive , a hard disk drive , a 
instructions , decode logic to decode the instructions , execu - universal serial bus flash memory drive , or any other form 
tion logic to execute instructions and the like . In one of computer data storage medium . In one embodiment , 
embodiment , processor 710 has a cache memory 716 to network interface 766 is implemented by any type of well 
cache instructions and / or data of the system 700 . In another known network interface standard including , but not limited 
embodiment of the invention , cache memory 716 includes 25 to , an Ethernet interface , a universal serial bus ( USB ) 
level one , level two and level three , cache memory , or any interface , a Peripheral Component Interconnect ( PCI ) 
other configuration of the cache memory within processor Express interface , a wireless interface and / or any other 

suitable type of interface . 
In one embodiment , processor 710 includes a memory FIG . 7 also includes power delivery 790 that provides 

control hub ( MCH ) 714 , which is operable to perform 30 power to components of system 700 . In one embodiment , 
functions that enable processor 710 to access and commu power delivery 790 is a VR - based power delivery system 
nicate with a memory 730 that includes a volatile memory such as , for example , those shown in FIGS . 2 - 4 , and includes 
732 and / or a non - volatile memory 734 . In one embodiment , one or more reconfigurable coupled inductors as described 
memory control hub ( MCH ) 714 is positioned outside of herein . In one embodiment , power delivery 790 controls the 
processor 710 as an independent integrated circuit . 35 one or more power stages based on control signals from an 

In one embodiment , processor 710 is operable to com - IC ( e . g . , SoC , processor , etc . ) in the system . In one embodi 
municate with memory 730 and a chipset 720 . In such an ment , such control signals are sent on a SVID bus . 
embodiment , SSD 780 executes the computer - executable While the modules shown in FIG . 7 are depicted as 
instructions when SSD 780 is powered up . separate blocks within the system 700 , the functions per 

In one embodiment , processor 710 is also coupled to a 40 formed by some of these blocks may be integrated within a 
wireless antenna 778 to communicate with any device single semiconductor circuit or may be implemented using 
configured to transmit and / or receive wireless signals . In one two or more separate integrated circuits . 
embodiment , wireless antenna interface 778 operates in In a first example embodiment , an apparatus comprises a 
accordance with , but is not limited to , the IEEE 802 . 11 docking station , and a computing system removably coupled 
standard and its related family , HomePlug AV ( HPAV ) , Ultra 45 to the docking station and having a plurality of components 
Wide Band ( UWB ) , Bluetooth , WiMAX , or any form of and a power delivery subsystem to deliver power to inte 
wireless communication protocol . grated circuit ( IC ) components under direction of a control 

In one embodiment , the volatile memory 732 includes , ler , where the controller is communicably coupled to the 
but is not limited to , Synchronous Dynamic Random Access docking station when the docking station is coupled to the 
Memory ( SDRAM ) , Dynamic Random Access Memory 50 computing system to cause power from the docking station 
( DRAM ) , RAMBUS Dynamic Random Access Memory to be delivered to at least one of the components with power 
( RDRAM ) , and / or any other type of random access memory from the power delivery system . 
device . Non - volatile memory 734 includes , but is not limited In another example embodiment , the subject matter of the 
to , flash memory ( e . g . , NAND , NOR ) , phase change first example embodiment can optionally include that the at 
memory ( PCM ) , read - only memory ( ROM ) , electrically 55 least one IC component comprises a configurable load line 
erasable programmable read - only memory ( EEPROM ) , or that is changed in response to the computing system being 
any other type of non - volatile memory device . docked in the docking station or undocked from the docking 
Memory 730 stores information and instructions to be station . In another example embodiment , the subject matter 

executed by processor 710 . In one embodiment , chip set 720 o f this example embodiment can optionally include a bus 
connects with processor 710 via Point - to - Point ( PtP or P - P ) 60 coupling the at least one IC component and the controller to 
interfaces 717 and 722 . In one embodiment , chipset 720 enable the at least one IC component to control the controller 
enables processor 710 to connect to other modules in the based on the load line . In another example embodiment , the 
system 700 . In one embodiment , interfaces 717 and 722 subject matter of this example embodiment can optionally 
operate in accordance with a PtP communication protocol include that the bus comprises a Serial Voltage Identification 
such as the Intel QuickPath Interconnect ( QPI ) or the like . 65 ( SVID ) bus . 

In one embodiment , chip set 720 is operable to commu - In another example embodiment , the subject matter of the 
nicate with processor 710 , 705 , display device 740 , and first example embodiment can optionally include that the at 
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least one IC component has a current limit that is removed includes contacts that mate with contacts of the computing 
in response to the computing system being docked in the system when the computing system is docked with the 
docking station . In another example embodiment , the sub - docking station . 
ject matter of this example embodiment can optionally In another example embodiment , the subject matter of the 
include that the at least one IC component includes an input 5 second example embodiment can optionally include that the 
to receive an indication as to whether the computing system at least one IC component comprises a processor or a 
is docked in the docking station and configures the load line system - on - a - chip ( SOC ) and the power delivery subsystem 
and controls the controller based on the indication . includes a voltage regulator , wherein the controller is oper 

In another example embodiment , the subject matter of the able to control the voltage regulator . 
first example embodiment can optionally include that the 10 In a third example embodiment , an article of manufacture 
docking station is coupled to provide power to the at least has one or more non - transitory computer readable media 
one IC component and signaling with the controller through storing instructions which , when executed by a system , 
a connector . In another example embodiment , the subject cause the system to perform a method comprising : receiv 
matter of this example embodiment can optionally include ing , by an integrated circuit ( IC ) , an indication that a 
that the connector comprises a flexible printed circuit ( FPC ) 15 computing system in which the IC resides as to whether the 
cable . In another example embodiment , the subject matter of computing system is docked to a docking station ; changing 
this example embodiment can optionally include that the the load line of the IC in response to the indication indicating 
connector includes contacts that mate with contacts of the that the computing system is docked in the docking station ; 
computing system when the computing system is docked and controlling , by the IC , a controller in the computing 
with the docking station . 20 system that controls a power delivery subsystem that deliv 

In another example embodiment , the subject matter of the ers power to the IC based on whether the computing system 
first example embodiment can optionally include that the at is docked to a docking station . 
least one IC component comprises a processor or a system - In another example embodiment , the subject matter of the 
on - a - chip ( SOC ) and the power delivery subsystem includes second example embodiment can optionally include that the 
a voltage regulator , wherein the controller is operable to 25 method further comprises signaling a power stage in the 
control the voltage regulator . docking station to provide power from the docking station to 

In a second example embodiment , a method comprises the IC in response to a control signal sent from the IC to the 
signaling that a computing system has been docked to a controller . 
docking station , wherein the computing system has a plu - In another example embodiment , the subject matter of the 
rality of components and a power delivery subsystem to 30 second example embodiment can optionally include that the 
deliver power to integrated circuit ( IC ) components under method further comprises providing power to the IC from 
direction of a controller , and in response to the signaling , the docking station while the IC also receives power from a 
controlling a power stage to deliver power from the docking power delivery system of the computing system . 
station to at least one of the components with power from the Some portions of the detailed descriptions above are 
power delivery system . 35 presented in terms of algorithms and symbolic representa 

In another example embodiment , the subject matter of the tions of operations on data bits within a computer memory . 
second example embodiment can optionally include chang - These algorithmic descriptions and representations are the 
ing the load line of the at least one IC component in response means used by those skilled in the data processing arts to 
to the computing system being docked in the docking station most effectively convey the substance of their work to others 
or undocked from the docking station . In another example 40 skilled in the art . An algorithm is here , and generally , 
embodiment , the subject matter of this example embodiment conceived to be a self - consistent sequence of steps leading 
can optionally include controlling the controller based on the to a desired result . The steps are those requiring physical 
load line using a bus coupling the at least one IC component manipulations of physical quantities . Usually , though not 
and the controller . In another example embodiment , the necessarily , these quantities take the form of electrical or 
subject matter of this example embodiment can optionally 45 magnetic signals capable of being stored , transferred , com 
include that the bus comprises a Serial Voltage Identification bined , compared , and otherwise manipulated . It has proven 
( SVID ) bus . convenient at times , principally for reasons of common 

In another example embodiment , the subject matter of the usage , to refer to these signals as bits , values , elements , 
second example embodiment can optionally include remov - symbols , characters , terms , numbers , or the like . 
ing a current limit in response to the computing system being 50 It should be borne in mind , however , that all of these and 
docked in the docking station . similar terms are to be associated with the appropriate 

In another example embodiment , the subject matter of the physical quantities and are merely convenient labels applied 
second example embodiment can optionally include receiv - to these quantities . Unless specifically stated otherwise as 
ing an indication , by the at least one IC component , as to apparent from the following discussion , it is appreciated that 
whether the computing system is docked in the docking 55 throughout the description , discussions utilizing terms such 
station and changing the load line and controlling the as “ processing ” or “ computing ” or “ calculating ” or “ deter 
controller based on the indication . mining ” or “ displaying " or the like , refer to the action and 

In another example embodiment , the subject matter of the processes of a computer system , or similar electronic com 
second example embodiment can optionally include signal - puting device , that manipulates and transforms data repre 
ing between the docking station and the controller through 60 sented as physical ( electronic ) quantities within the com 
a connector that is coupled to provide power to the at least puter system ' s registers and memories into other data 
one IC component from the docking station . In another similarly represented as physical quantities within the com 
example embodiment , the subject matter of this example puter system memories or registers or other such informa 
embodiment can optionally include that the connector com - tion storage , transmission or display devices . 
prises a flexible printed circuit ( FPC ) cable . In another 65 The present invention also relates to apparatus for per 
example embodiment , the subject matter of this example forming the operations herein . This apparatus may be spe 
embodiment can optionally include that the connector cially constructed for the required purposes , or it may 
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comprise a general purpose computer selectively activated 5 . The apparatus defined in claim 1 wherein the at least 
or reconfigured by a computer program stored in the com - one IC component has a current limit that is removed in 
puter . Such a computer program may be stored in a computer response to the computing system being docked in the 
readable storage medium , such as , but is not limited to , any docking station . 
type of disk including floppy disks , optical disks , CD - 5 6 . The apparatus defined in claim 4 wherein the at least 
ROMs , and magnetic - optical disks , read - only memories one IC component includes an input to receive an indication 
( ROMs ) , random access memories ( RAMs ) , EPROMs , as to whether the computing system is docked in the docking 

EEPROMs , magnetic or optical cards , or any type of media station and configures the load line and controls the con 
troller based on the indication . suitable for storing electronic instructions , and each coupled 10 7 . The apparatus defined in claim 1 wherein the docking to a computer system bus . station is coupled to provide power to the at least one IC The algorithms and displays presented herein are not component and signaling with the controller through a inherently related to any particular computer or other appa connector . ratus . Various general purpose systems may be used with 8 . The apparatus defined in claim 7 wherein the connector programs in accordance with the teachings herein , or it may 15 comprises a flexible printed circuit ( EPC ) cable 

prove convenient to construct more specialized apparatus to 9 . The apparatus defined in claim 7 wherein the connector 
perform the required method steps . The required structure includes contacts that mate with contacts of the computing 
for a variety of these systems will appear from the descrip system when the computing system is docked with the 
tion below . In addition , the present invention is not docking station . 
described with reference to any particular programming 20 10 . The apparatus defined in claim 1 wherein the at least 
language . It will be appreciated that a variety of program one IC component comprises a processor or a system - on - a 
ming languages may be used to implement the teachings of chip ( SoC ) and the power delivery subsystem includes a 
the invention as described herein . voltage regulator , wherein the controller is operable to 

A machine - readable medium includes any mechanism for control the voltage regulator . 
storing or transmitting information in a form readable by a 25 11 . A method comprising : 
machine ( e . g . , a computer ) . For example , a machine - read signaling that a computing system has been docked to a 
able medium includes read only memory ( “ ROM " ) ; random docking station , wherein the computing system has a 
access memory ( “ RAM ” ) ; magnetic disk storage media ; plurality of components and a power delivery subsys 
optical storage media ; flash memory devices ; etc . tem to deliver power having a first power phase pro 
Whereas many alterations and modifications of the pres - 30 vided by the computing system and a second power 

ent invention will no doubt become apparent to a person of phase provided by the docking station to integrated 
ordinary skill in the art after having read the foregoing circuit ( IC ) components under direction of a controller ; 
description , it is to be understood that any particular embodi and 
ment shown and described by way of illustration is in no in response to the signaling , controlling the first power 
way intended to be considered limiting . Therefore , refer - 35 phase and second power phase in delivering power 
ences to details of various embodiments are not intended to provided by the computing system and docking station 
limit the scope of the claims which in themselves recite only to at least one of the components , wherein the first 
those features regarded as essential to the invention . power phase and second power phase derive power 

from different power sources in the computing system 
We claim : 40 and docking station . 
1 . An apparatus comprising : 12 . The method defined in claim 11 further comprising 
a docking station ; and changing the load line of the at least one IC component in 
a computing system removably coupled to the docking response to the computing system being docked in the 

station and having a plurality of components and a docking station or undocked from the docking station . 
power delivery subsystem to deliver power to inte - 45 13 . The method defined in claim 12 further comprising 
grated circuit ( IC ) components having a first power controlling the controller based on the load line using a bus 
phase provided by the computing system and a second coupling the at least one IC component and the controller . 
power phase provided by the docking station under 14 . The method defined in claim 13 wherein the bus 
direction of a controller , the controller being commu - comprises a Serial Voltage Identification ( SVID ) bus . 
nicably coupled to the docking station when the dock - 50 15 . The method defined in claim 11 further comprising 
ing station is coupled to the computing system and to removing a current limit in response to the computing 
control the first power phase and second power phase system being docked in the docking station . 
in delivering power provided by the computing system 16 . The method defined in claim 14 further comprising 
and docking station to at least one of the IC compo - receiving an indication , by the at least one IC component , as 
nents , wherein the first power phase and second power 55 to whether the computing system is docked in the docking 
phase derive power from different power sources in the station and changing the load line and controlling the 
computing system and docking station . controller based on the indication . 

2 . The apparatus defined in claim 1 wherein the at least 17 . The method defined in claim 11 further comprising 
one IC component comprises a configurable load line that is signaling between the docking station and the controller 
changed in response to the computing system being docked 60 through a connector that is coupled to provide power to the 
in the docking station or undocked from the docking station . at least one IC component from the docking station . 

3 . The apparatus defined in claim 2 further comprising a 18 . The method defined in claim 17 wherein the connector 
bus coupling the at least one IC component and the con comprises a flexible printed circuit ( FPC ) cable . 
troller to enable the at least one IC component to control the 19 . The method defined in claim 17 wherein the connector 
controller based on the load line . 65 includes contacts that mate with contacts of the computing 

4 . The apparatus defined in claim 3 wherein the bus system when the computing system is docked with the 
comprises a Serial Voltage Identification ( SVID ) bus . docking station . 
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20 . The method defined in claim 11 wherein the at least the computing system and a second power phase pro 
one IC component comprises a processor or a system - on - a vided by the docking station to the IC based , wherein 
chip ( SoC ) and the power delivery subsystem includes a the controller controls the first power phase and second 
voltage regulator , wherein the controller is operable to power phase in delivering power provided by the 
control the voltage regulator . computing system and docking station to the IC and 

21 . An article of manufacture having one or more non wherein the first power phase and second power phase 
transitory computer readable media storing instructions derive power from different power sources in the 
which , when executed by a system , cause the system to computing system and docking station . 

22 . The article of manufacture defined in claim 21 perform a method comprising : 
receiving , by an integrated circuit ( IC ) , an indication that 10 at 10 wherein the method further comprises signaling a power 

a computing system in which the IC resides as to stage in the docking station to provide power from the 
whether the computing system is docked to a docking docking station to the IC in response to a control signal sent 

from the IC to the controller . station ; 
changing a load line of the IC in response to the indication 23 . The article of manufacture defined in claim 22 

indicating that the computing system is docked in the he 15 wherein the method further comprises providing power to 
docking station , and the IC from the docking station while the IC also receives 

controlling , by the IC , a controller in the computing power from a power delivery system of the computing 
system that controls a power delivery subsystem that system . 

delivers power having a first power phase provided by 


